Objective. Isometric exercises produce an acute decrease in the pain sensitivity, known as exerciseinduced hypoalgesia (EIH). Existing EIH paradigms use exercises at the extremities with more pronounced EIH at local compared to remote body sites, indicating local inhibition in addition to central inhibitory mechanisms. So far the results on EIH in patients with low back pain (LBP) are equivocal and no studies have investigated an EIH paradigm targeting the lower back in order to assess EIH in patients with LBP. Thus, the aim of this pilot study was to assess pressure pain sensitivity at local and remote assessment sites, before and after an isometric back exercise in healthy women and men.
Introduction
Acute exercise causes an immediate reduction in pain sensitivity, known as exercise-induced hypoalgesia (EIH) [1, 2] . EIH is frequently demonstrated as an increase in pressure pain threshold (PPT) after exercise compared with before exercise, and has been observed after isometric muscle contractions and aerobic exercises in healthy subjects [3] . Existing EIH paradigms use exercises at the extremities including bicycling [3] [4] [5] , running [6] , isometric hand grip [7] [8] [9] [10] , knee extension [3, [11] [12] [13] , elbow flexion [14] [15] [16] [17] , and shoulder rotation [13] . The hypoalgesic response is often demonstrated as an increase in PPT at local sites in near proximity to the exercising limb, and at remote sites likely reflecting the activation of systemic endogenous pain inhibitory systems [1, 2] . However, studies comparing the increase in PPT at assessment sites local and remote to the exercised muscles demonstrated more pronounced EIH at local assessment sites [3, 14] , suggesting corticospinal, segmental or peripheral mechanisms as part of the EIH response. [18] . Moreover, a gender difference in the response to exercise has been found with some studies demonstrating more pronounced EIH in women compared with men [19, 20] , although comparable EIH responses have also been reported [9, 14, 21] .
In patients with chronic pain, unaltered or even increased pain sensitivity in response to exercise (i.e., dysfunctional EIH, dEIH) [22] has been reported. dEIH has mainly been observed in pain populations with widespread pain, e.g., fibromyalgia [13, [23] [24] [25] [26] [27] and chronic fatigue syndrome [4, 28, 29] , but has also been reported in musculoskeletal disorders with more localized pain, such as shoulder myalgia [13, 30] , knee osteoarthritis [31] , and chronic whiplash syndrome [32] . dEIH was more pronounced when the exercise protocol engaged painful muscles compared to non-painful muscles [13, 24, 31] , suggesting that peripheral pain facilitatory mechanisms (e.g., sensitization) affecting the balance between pain inhibition and facilitation. In addition, previous studies reported local tissue alterations in patients with myalgia compared to healthy controls, such as increases in glutamate, lactate, and pyruvate [18] . Moreover, these substance increase in response to exercise, with higher increases in patients [33] . Glutamate injections have a hyperalgesic effect, while lactate may participate in the detection of exercise stress before tissue damage occurs can have differential effects on pain perception [18] . Thus, local tissue alterations in chronic pain as well as in response to acute exercise may represent peripheral processes contributing to EIH.
Low back pain (LBP) is a major health problem throughout the world with a 1-year prevalence ranging from 22% to 65% and with patients reporting high levels of disability, and health care use [34, 35] , as well as increased pressure pain sensitivity [36] . Current evidence on EIH in patients with LBP is equivocal. Considering the potential involvement of peripheral processes in EIH, a need for EIH paradigms targeting the lower back muscles arises in order to adequately assess EIH in patients with LBP. Thus, the aim of this pilot study was to investigate whether an isometric back exercise test would result in hypoalgesia at local and remote areas of the body in healthy men and women. It was hypothesized that 1) the isometric back exercise would produce an increase in pressure pain thresholds at local and remote sites and 2) that the increase in pain thresholds would be more pronounced in women compared with men.
Methods

Subjects
Thirty-three healthy subjects (age ¼ 29.97 6 6.06 years; body mass index ¼ 22.70 6 2.50 kg/m 2 ; 15 women) participated in this study. Subjects were recruited by advertisement at the Ruhr-University of Bochum and were either research staff or students of psychology. As part of the psychology course "Experimental Psychology" at the faculty of psychology of the RuhrUniversity of Bochum, one student received course credits (0.5 hours out of 30 hours) for participating in the study. All subjects were naive to experimental pain testing. None of the included subjects suffered from neurological, psychological, cardiovascular diseases, had any pain or used any pain medication during the weeks prior to participation. The study was conducted in accordance with the Declaration of Helsinki and approved by the local ethical review board. All subjects gave written informed consent before participating in the study.
Assessment of Pressure Pain Thresholds
Pressure pain threshold (PPT) was assessed with a handheld algometer (Somedic Sales AB, Horby, Sweden) with a stimulation area of 1 cm
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. The rate of pressure increase was kept to approximately 50 kPa/s. Prior to baseline assessments, all subjects were introduced to the protocol for assessment of PPTs where they were told that the experimenter would constantly increase the pressure on the respective muscles and subjects were instructed to say "stop" as soon as the perception of pressure changed into the first perception of pain. The experimenter emphasized that the PPT was not a measure of how much pain they could endure. After the instruction, subjects completed a practice trial at the middle of the thenar eminence of the right hand to ensure that they understood the procedure. All assessments were performed by female experimenters (Hannah Gajsar and Christina Titze).
Three assessment sites were chosen to assess PPT before and after the isometric back exercise: 1) the right side of the lower back adjacent to the spine at the level of the 3rd lumbar vertebra (dermatome L3, local assessment site); 2) at the middle of the right biceps femoris muscle (dermatome S1, local assessment site); and 3) the thenar eminence of the right hand (dermatome C6, remote assessment site). The assessment sites were located and marked in advance to the baseline assessment. PPTs were assessed with the subject lying in prone position on the examination table and the order of assessment was counterbalanced and randomized between sites. Two PPT assessments were completed for each assessment site. Twenty-second intervals between assessments were kept.
Isometric Back Exercise
The Biering-Soerensen (BS) test has been extensively studied in patients with LBP in order to evaluate the prognostic value of the endurance of the lower back muscles [37] . It involves isometric contraction of the lower back and hip extensor muscles, in which the subject holds the upper body in a horizontal position while the lower body is fixed to a table [38] . Subjects were informed that the exercise test primarily would engage the back and hip extensor muscles and that the performance of the test could result in exertion depending on the strength of the respective muscles, but at the same time, they were assured that performance of the test was generally feasible. After assessment of baseline PPTs, subjects were asked to move into a position where the upper part of the body was lying on a movable table standing next to the examination table, while the lower part of the body was still lying on the examination table.
Next, subjects were fixed to the examination table with three straps-one at the buttocks, one at the popliteal fossa, and one at the ankle-while the latter strap was supported with a pillow underneath. On the subject's signal, the experimenter moved the table supporting the upper part of the body, so that the upper part of the body was hanging freely (Figure 1 ). The subject then held the upper body in a horizontal position for 120 seconds. The time of 120 seconds was chosen with respect to feasibility in LBP patients, as this is the mean endurance time derived from the literature [37] . The experimenter informed about the remaining time every 30 seconds and verbally encouraged subjects to finish the test. All subjects completed the BS test. Immediately after performing the isometric back exercise test PPTs were re-assessed as described.
Statistics
Statistical analyses were run in SPSS Statistics (Version 21; IBM, Armonk, NY, USA). Results are presented as mean and standard deviation (SD) in the text and as mean and standard error of the mean (SEM) in figures. Preliminary analysis was as follows: First, an outlier analysis was performed as some subjects displayed extreme high PPTs at the very first baseline assessment causing a risk of ceiling effect after exercise. Subjects with mean PPTs larger than 3 standard deviations above the group mean were excluded from the analysis. Second, due to large PPTs at the very first PPT assessment, a preliminary analysis of the pressure pain thresholds between the two baseline measurements was performed by a repeated-measures analysis of variance (RM-ANOVA).
Next, the effect of exercise on PPTs was analyzed with repeated-measures analysis of variance (RM-ANOVA) for each assessment site with time (before and after exercise) as repeated measures and gender as group factor. P values less than 0.05 were considered significant. In case of significant main effects or interactions, Bonferroni corrected post-hoc tests were used incorporating correction for the multiple comparisons. Partial g 2 for each ANOVA were examined and Cohen's D calculated to compare the effect sizes between the three assessment sites.
Results
Baseline Characteristics
Four subjects (three men and one woman) had PPTs larger than three standard deviations above the group mean and were excluded from further analysis. In the 29 remaining subjects, no significant differences in age between women (30.29 6 7.74) and men (29.83 6 3.76; unpaired t-test, P ¼ 0.85) was found. BMI was significantly higher in men (23.93 6 2.31 kg/m 2 ) compared with women (21.66 6 2.40 kg/m 2 ; unpaired t-test, P ¼ 0.02). There were no significant differences between men and women in PPT at the lower back muscles (347.04 6 120.00 kPa and 363.91 6 169.38 kPa; P ¼ 0.770), the biceps femoris muscle (399,04 6 179,94 kPa and 353,76 6 172,67 kPa; P ¼ 0.500), and the hand (312,21 6 133,614 kPa and 274,85 6 121,70 kPa; P ¼ 0.441). The first PPT assessments at the back and the leg (mean: 367.16 6 146.27) were significantly higher compared with the second PPT assessments (mean: 312.67 6 138.30; t(28)¼4.88, P < 0.001) and the very first PPT assessment was excluded from further analysis.
Exercise-Induced Hypoalgesia
The ANOVA of the PPT at the hand demonstrated a significant interaction between time and gender (F(1,27) ¼ 5.49, P ¼ 0.03, partial g 2 ¼ 0.17; Table 1 and Figure 2 ). Post-hoc test showed a significant increase in the PPT after exercise in women only compared with baseline (P ¼ 0.02, Cohen's d ¼ 1.25). There was no significant difference in the PPT after exercise in men 
EIH After Isometric Back Exercise
In the ANOVA of PPT at the back a main effect of time approached significance (F(1,27) ¼ 3.56, P ¼ 0.07, partial g 2 ¼ 0.12).
Discussion
This pilot study is the first to investigate the effects of an isometric back exercise on pressure pain sensitivity at local and remote assessment sites in healthy women and men. As hypothesized, an increase in pressure pain thresholds at local assessment sites were demonstrated in women and men, whereas remote hypoalgesia was only demonstrated in women, highlighting the influence of gender in the hypoalgesic response after isometric exercise. The effect of isometric back exercise on pain sensitivity in patients with low back pain should be investigated in future studies.
Exercise-Induced Hypoalgesia
A clear hypoalgesic response was observed at the leg. This is in agreement with previous studies on EIH demonstrating an increase in pressure pain threshold in exercising body parts after isometric exercise [3, 13] . In contrast with the hypothesis, the increase in PPT at the lower back did not reach significance.
This could be related to the high intensity of the isometric contraction. A previous study by Hoeger Bement and colleagues demonstrated that the EIH response was increased after low intensity isometric exercises compared higher intensity exercises [16] . However, more recent studies have suggested that this doseresponse relationship is not as distinct as initially assumed, and that the contraction intensity is of less importance for the EIH response after isometric exercises than for EIH after aerobic exercises [3, 11] . Furthermore, the contraction intensity of the BS test at the back muscles is estimated at 40-52% of the maximal voluntary contraction [39] . This intensity is comparable to previous studies demonstrating robust EIH after isometric exercises performed with an intensity of 30-50% of the maximal voluntary contraction [9, 11, 19] .
Another possible explanation for the equivocal findings is that the EIH response might be influenced by local muscle fatigue potentially causing different effects depending on which muscles are exercised. The muscles in the lower back have a large proportion of slow twitch type I fibers that are more fatigue-resistant than fast twitch type II fibers [40] . Other skeletal muscles, such as in the leg, have a larger proportion of fast twitch type II fibers. Consequently, it may be that less fatigue in the multifidus occurred in comparison to the biceps femoris, in turn causing less fatigue-related pain via metabolic changes in the back than in the leg. Ellingson et al. [41] have reported greater EIH responses to painful exercise than to non-painful exercise. Increased pain due to muscle fatigue could affect the greater EIH effect seen at the leg than at the back. Similarly, Lemley et al. [42] recently discussed local muscle fatigue as a potential mediator for sex differences in EIH. In contrast, however, they associated less muscle fatigability in women [43] with a greater EIH effect, proposing the opposite direction of the effect of fatigability on EIH. No study to date has directly investigated the relationship between local muscle fatigue and EIH responses after isometric exercises. This should be addressed in future studies.
Finally, the exercise duration might have been too short to elicit a hypoalgesic response at the lower back. Hoeger Bement and colleagues demonstrated a larger hypoalgesic response at the arm when isometric elbow flexion was performed until task failure [16] . On the other hand, a recent study in 80 healthy subjects did not find a dose-response relationship between duration and the EIH response after isometric exercises with the arm and leg [3] . Future studies should investigate the relationship between muscle fatigue and the EIH response.
Only women demonstrated an EIH response at the hand (remote site). This finding is in agreement with previous studies on sex differences in EIH demonstrating increased hypoalgesia after isometric exercises in women compared with men [19, 20] .
Clinical Implications
The Biering-Soerensen test produces hypoalgesia to pressure pain in healthy subjects and may be useful for investigating EIH in patients with LBP. Further, in contrast to other isometric EIH paradigms the contraction intensity of the BS test is not determined by maximal voluntary contraction. As the validity of determination of maximal voluntary contraction in patients with chronic pain has previously been questioned [40] , the BS test may be more adequate for assessing EIH in chronic back pain populations.
Limitations
Limitations regarding the interpretation of the results from this study should be taken into consideration. First of all, the effect of exercise was not compared with a within-subject control condition and future studies investigating this exercise paradigm should include an adequate control condition.
Furthermore, as the experimenters were familiar with the EIH literature and not blinded to measurement time, a risk of bias was present in this experiment [44] . However, potential influence of experimenter expectations were controlled in two ways: First, the pressure increase rates, which can possibly alter PPT measurements, were kept constant on each measurement via visual feedback on the algometer [45] . Second, as the subject was lying in a prone position while measurements, influences of the experimenter on the subject via non-verbal cues as suggested by Ohrbach et al. [44] were unlikely.
Finally, the PPT before exercise was based on only one PPT assessment as significant difference between the first and second PPT baseline assessments was demonstrated. As large variation may exist between PPT measurements, this is a limitation of the study. However, there was no significant decrease after exercise (t[28]¼1.39, P ¼ 0.175) between the first (346.90 6 157.74) and the second PPT (336.37 6 171.57). Thus, it seems unlikely that the decrease prior to exercise can be accounted for by a sensitization process triggered by the respective first PPT. It was rather concluded that participants were not sufficiently familiarized with the PPT procedure at the very first PPT assessment. This could have distorted the validity of the first PPT, for which it was excluded. Future studies should incorporate a familiarization session of the PPT procedure.
Conclusion
The results of this pilot study indicate that isometric back exercise produces local and remote hypoalgesia. Remote EIH was only demonstrated in women, supporting the influence of sex in the hypoalgesic response after exercise. The BS test offers a novel paradigm for assessment of EIH in patients with LBP and the effect of isometric back exercise on pain sensitivity in patients with low back pain should be investigated in future studies.
